Background Because dietary fat has been postulated to affect obesity and estrogen levels, two important risk factors for endometrial cancer, its association with this disease has received some attention. We summarize here the current evidence for several dietary lipids. Methods Searches were conducted to identify peer-reviewed manuscripts up to December 2006. Two cohort studies and nine case-control studies were included in meta-analyses. Results Random-effects summary estimates for casecontrol studies were 1.24 (95% CI: 1.10, 1.41) per 10% kcal from total fat and 1.28 (95% CI: 1.12, 1.47) per 10 g/ 1,000 kcal of saturated fat. The only cohort study evaluating total fat and saturated fat did not find an association. We estimated a 35% increased risk (95% CI: 0.96, 1.90) per 150 mg/1,000 kcal of cholesterol intake, based on six case-control studies. For animal fat (per 10 g/1,000 kcal) the summary estimates were 0.78 (95% CI: 0.63, 0.96) and 1.34 (95% CI: 1.06, 1.69) for two cohort and four casecontrol studies, respectively.
Introduction
Endometrial cancer is the most common female gynecological cancer in the United States [1] . Because obesity and unopposed estrogens are strong risk factors for endometrial cancer [2] and fat intake has been postulated to affect both risk factors [3] [4] [5] , its role on the etiology of this disease has received some attention. The role of dietary fat and cholesterol on endometrial cancer risk was reviewed in the 1997 WCRF/AICR Report on Food, Nutrition, and the Prevention of Cancer [6] . The evidence for an increased endometrial cancer risk was deemed ''possible'' for saturated/animal fat and ''insufficient'' for total fat and cholesterol.
In support of the Second WCRF/AICR Report on Food, Nutrition, and the Prevention of Cancer, we conducted a systematic and comprehensive literature review of diet, nutrition, physical activity, and endometrial cancer [7] . This second report, to be published November 2007, enhances and updates the previous 1997 review [6] . The objective of this manuscript is to summarize the scientific literature examining the role of dietary lipids on endometrial cancer risk and present the current evidence of an association. To our knowledge, this is the first systematic literature review and meta-analysis on this topic. This comprehensive review includes dose-response metaanalyses and evaluation of the role of total fat, fat subtypes, and cholesterol (as nutrients) on endometrial cancer risk. We do not include here analyses of foods or food groups high in fat.
Methods
Our general methods followed the WCRF Specification Manual for systematic literature reviews, available online at http://www.wcrf.org. The methods used in this manuscript diverge from the WCRF protocol in that we followed our own criteria for inclusion of studies, as well as our own methods for data tabulation and analysis and for interpretation of the evidence. While WCRF required the inclusion of all studies regardless of quality, this systematic review and meta-analysis was limited to case-control and cohort studies. Randomized trials would have been included, but none were found. Ecological and cross-sectional studies were excluded. For the purpose of this manuscript we conducted additional analyses, such as sensitivity analyses repeating analyses after excluding studies that did not meet certain a priori criteria (i.e., population-based studies with more than 200 cases, known hysterectomy status among controls, and adjustment for total energy intake and body mass). Furthermore, interpretation of the evidence may not represent the views of WCRF and may differ from those in the upcoming WCRF report summarizing evidence related to food, nutrition, physical activity, and cancer risk. did not produce any new results were not used in subsequent searches. These searches were complemented with manual searches of bibliographies in published papers. Translations were provided by WCRF when necessary. For this manuscript we also monitored the literature using PubMed Alerts for all new papers on endometrial cancer from January through December 2006.
Exposure terms for PubMed were provided by WCRF and can be found in the Specification Manual and in the Appendix of another manuscript (Bandera et 
Manuscript selection and data extraction
Overall search results and manuscript selection have been described elsewhere [8] . In brief, citations identified from these searches were reviewed independently by two of us (LHK, EVB) for relevance. Of the 285 papers identified evaluating some aspect of nutrition, diet, physical activity, and endometrial cancer, 28 mentioned dietary fats; all but one of them [9] were written in English. Through monitoring the endometrial cancer literature in 2006 using PubMed Alerts nine additional papers were identified that evaluated nutrition, diet, or physical activity and endometrial cancer risk; but none of them evaluated fat intake.
In addition to one animal study [10] and four ecologic studies [11] [12] [13] [14] , three manuscripts were excluded for presenting data for foods or food groups only [15] [16] [17] . Three additional manuscripts were excluded for not presenting risk estimates [9, 18, 19] . We also excluded three publications from the same case-control study [20] [21] [22] , as these included a subset of the study population in the manuscript by Potischman et al. [23] . One additional study [24] was excluded for having the same dietary data as in Littman et al. [25] .
Excluding these 15 manuscripts left a total of 13 manuscripts [23, [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] , two of them representing the same study by Goodman et al. [29, 30] . However, the two papers contributed data to analyses as one presents odds ratios (ORs) and confidence intervals (CIs) with more precision [30] , while the other presents more variables and analyses [29] . Therefore, either of these papers (but not both) may contribute data to a given meta-analysis.
Data were extracted by trained research personnel on study characteristics and results using an AccessÒ program developed by Leeds University under WCRF sponsorship. Each entry was reviewed by at least one of us.
Assessment of study quality and sensitivity analyses
In our review, we decided not to grade individual papers according to a quality score for two reasons: (1) there is not a widely-accepted tool for quality assessment of epidemiologic studies, and (2) we had few papers evaluating separately each exposure, thus limiting ability to conduct sensitivity analyses. Instead, we decided to present all the evidence from the several case-control studies, and then repeated certain analyses excluding studies that did not meet certain a priori quality criteria. The a priori quality criteria were: (a) population-based studies as the appropriateness of hospital controls in diet and cancer studies is controversial; (b) sample size of at least 200 cases for more optimal statistical power; (c) exclusion of hysterectomies from the control group; and (d) adjustment for important confounders such as total energy and body mass. In the forest plots, studies excluded are marked and the specific reasons for exclusion are indicated in the footnotes.
Statistical analysis
We followed WCRF criteria to decide when to conduct meta-analyses. For a given exposure, meta-analyses were conducted if there were at least two randomized clinical trials, at least two cohort studies, and/or at least five casecontrol studies evaluating that exposure. Meta-analyses were conducted separately by study design. Since only a few studies evaluated each dietary fat variable, we had limited power to assess publication bias through funnel plots, or to conduct sensitivity analyses and metaregression.
For total fat, saturated fat, animal fat, vegetable fat, and cholesterol there were a sufficient number of studies to conduct meta-analyses. Most of the studies categorized relevant exposures into four or five groups, and reported ORs for each category relative to the lowest exposure category. A few studies reported parameter estimates from a continuous logistic regression analysis. To compare these studies, it was necessary to convert the grouped results into an estimate of what would have resulted from continuous logistic regression analysis, had those been reported.
Results were first transformed into a common scale. For example, analyses related to dietary fat intake were reported in units measured as g/day, kcal/day, g/1,000 kcal, or percent of energy. Similarly, for dietary cholesterol, analyses may be based on mg/day or mg/ 1,000 kcal. Average daily kcal intake from study to study varied considerably, and much of this variance is probably attributable to dietary assessment methods rather than to true differences in food intake. For example, median daily energy intake in the study by Potischman et al. [23] was 1,248 kcal, whereas in the study by McCann et al. [32] , it was 2,102 kcal. Both of these studies were conducted in the US, making it unlikely that cultural or lifestyle differences were a major contributor to these differences in reported intake. Thus, for dose-response meta-analyses, we elected to convert reported intake levels to nutrient density measures expressed as either percent of energy from fat (for total fat intake) or g/1,000 kcal (for saturated fat and animal fat intake). For dietary cholesterol, we converted study-specific cutpoints that were provided as mg/day into mg/1,000 kcal before pooling. In order to convert reported category intake levels or medians into nutrient density measures, it was necessary to have a reported value for median (or mean) kcal/day intake for the study population; this was available in most studies.
For studies not reporting CIs, these were estimated based on the number of cases and controls in each category of exposure [37] . While this results in an estimate of the variance of the crude OR, in general, this variance is similar to that after taking covariates into account.
For studies reporting only categorical analyses, an estimate of mean intake for each category was computed following the methodology developed by Chêne and Thompson [38] . The iterative method described in Greenland and Longnecker [39] was used to estimate a single logistic regression parameter per study. This method imputes expected numbers of cases and controls (or cases for a prospective study) and computes the logistic regression slope parameter (which may be interpreted as the log OR) and standard error. Finally, we estimated fixed effects and random effects pooled logistic regression coefficients across studies. We used the random effects models in forest plots and for interpretation of the evidence, since it combines ''within study'' variance and ''between study'' variance for computing weights. The Chêne and Thompson [38] and Greenland and Longnecker [39] algorithms described above were implemented in the statistical language R (R Development Core Team 2003) .
Results
This systematic literature review included 13 manuscripts from three cohort studies [26, 27, 36] and nine casecontrol studies [23, 25, 28, 29, [31] [32] [33] [34] [35] evaluating dietary fats. Selected characteristics of these studies and exposures of interest evaluated are listed in Table 1 . As shown in the table, these studies were conducted in several countries and varied considerably in the quality of dietary assessment, as well as in the evaluation of dietary fats and methods of dealing with the strong confounding effect of total energy intake. The case-control study by SalazarMartinez et al. [33] was not included in dose-response meta-analyses because it did not present an estimate of total energy intake and, therefore, transformation of exposure estimates into nutrient density measures was not possible.
Total fat
As shown in Table 2 , case-control studies in general supported an increased risk with increased fat intake, with ORs ranging from 1.2 to 3.9, although most CIs included one. In contrast, cohort data showed little evidence of an association.
Meta-analysis
The two cohort studies [26, 27] and seven independent case-control studies [23, 25, [28] [29] [30] [31] [32] [33] evaluating total fat, listed in Table 2 , were considered for inclusion in metaanalyses. The analysis by Furberg et al. [27] was excluded because analyses were only adjusted for age. Therefore, we were unable to conduct meta-analysis with cohort data. The random-effects summary estimate, shown in Fig. 1a , for the seven case-control studies was 1.72 (95% CI: 1.28, 2.32), with moderate heterogeneity (I 2 : 48.8%, p: 0.07). After excluding studies that did not meet our quality criteria the estimate was attenuated but there was still a 49% increased risk for the highest category of consumption compared to the lowest and no heterogeneity among studies. In Fig. 1b , estimated ORs for each study for an increment of 10% kcal from fat and the summary estimate are shown. Based on the random-effects model, we estimated a 24% increased risk per 10% kcal from fat increment. Although this estimate was attenuated after excluding two studies [23, 28] that did not adjust for total energy intake, there was still suggestion of an association and no evidence of heterogeneity (Fig. 1b) . However, the only cohort study examining total fat was inconsistent with this association, with a derived RR of 0.87 (95% CI: 0.68-1.12) per 10% kcal from fat.
Saturated fat
Studies reporting on saturated fat intake and endometrial cancer risk are listed in Table 3 . Four [23, 25, 29, 31] of the five population-based case-control studies [23, 25, 29, 31, 32] suggested elevated risk associated with higher saturated fat intake, while two small hospital-based case-control studies [33, 34] did not support such association. We found only one cohort study reporting on saturated fat intake, the Canadian National Breast Screening (CNBS) Study [26] , which suggested an inverse association (RR = 0.7), although the CI included one (Table 3) .
Meta-analysis
A meta-analysis comparing high vs. low intake categories, shown in Fig. 2a , suggested a 50% increased risk associated with higher saturated fat intake, based on case-control data. The two studies (cohort and case-control) by Jain et al. [26, 31] to report on saturated fat-endometrial cancer associations did not present cutpoints for the quartile-based analyses. To allow inclusion of these studies in doseresponse meta-analyses, we contacted Dr. Meera Jain and she provided these values for her two studies (Personal communication, March 17, 2004) . In dose-response metaanalyses of the case-control data, we estimated a 28% increased risk per 10 g/1,000 kcal of saturated fat intake, with little heterogeneity among studies (Fig. 2b) . Once again, the only cohort study evaluating this association [26] was inconsistent with these findings, suggesting instead a decreased risk associated with higher saturated fat intake.
Monounsaturated fat
As shown in Table 4 , several studies have evaluated monounsaturated fat intake and endometrial cancer, but results are inconsistent. The cohort study by Jain et al. [26] examined oleic acid intake, the predominant monounsaturated fatty acid in most diets, and reported a non-significant weak inverse association. Five case-control studies [29, [31] [32] [33] [34] reported on the association of monounsaturated fat intake and risk of endometrial cancer and an additional two reported on oleic acid intake [23, 25] . ORs ranged from 0.76 to 2.5 across these studies. Given the inconsistent data, meta-analyses were not conducted.
Polyunsaturated fat
The few studies evaluating polyunsaturated fat intake and endometrial cancer risk are listed in Table 5 . Four case-control studies [29, [32] [33] [34] reported on polyunsaturated fat intake, with mixed findings, and three additional One of these three studies also reported on linolenic acid intake, and found no association [31] . Given the limited and inconsistent data, meta-analyses were not conducted.
Cholesterol
Studies evaluating dietary cholesterol are listed in Table 6 . Of the seven case-control studies, two suggested an inverse association comparing high with low intake [32, 33] , one was essentially null [34] , while the others [23, 25, 29, 35] reported ORs ranging from 1.30 to 2.2.
Meta-analysis
Both high vs. low and dose-response meta-analyses, shown in Fig. 3a and b and based solely on case-control data, suggested elevated endometrial cancer risk associated with higher cholesterol intake. However, CIs for the summary estimate include the null value and there was high and significant heterogeneity among studies.
Animal fat
Several studies, shown in Table 7 , have evaluated the risk associated with animal and vegetable fat. Two cohort studies reported on animal fat intake with inconsistent results. One of these two studies, the CNBS Study [26] , reported an inverse association of animal fat intake and risk of endometrial cancer, whereas the other study, the Iowa Women's Health Study [36] , found no association. Case-control studies have offered more consistent results. The five studies evaluating animal fat suggested an increased risk with higher animal fat intake. ORs ranged from 1.19 [33] to 3.5 [28] . The study reporting the highest OR did not adjust this association for energy intake [28] .
Meta-analysis
High vs. low meta-analysis indicated a strong relationship with animal fat based on case-control studies (Fig. 4a) . After excluding two small hospital-based studies and another study that did not adjust for total energy intake, there was still a 68% increased risk associated with high animal intake and no evidence of heterogeneity. We also estimated a 17-34% increase in endometrial cancer risk per 10 g/1,000 kcal of animal fat intake, based on case-control data (Fig. 4b) . However, cohort data pointed to an inverse association with animal fat, but the CI for the high vs. low summary estimates included the null value (Fig. 4a, b) . Dose-response analyses of the cohort data should be viewed with caution, as the paper by Zheng et al. [36] Fig. 1 Random-effects meta-analysis of total fat intake and endometrial cancer risk considerably lower intake estimates than the other cohort study [26] . We believe that there may have been an error, as the median intake in Q3 (of 5 quintiles) for animal fat and vegetable fat intakes are given as 18.1 g/day and 15.5 g/day, respectively. However, the mean total fat intake in this cohort, obtained from a different report from the same study [41] , is about 68.7 g.
Vegetable fat
Two cohort studies [26, 36] and four case-control studies [28, 29, 33, 35] reported on the relationship with vegetable fat, with conflicting results (Table 7 ). All CIs included the null value.
Meta-analysis
Due to concerns regarding the cutpoints presented in the report by Zheng et al. [36] , mentioned earlier, and the inconsistent results across studies, dose-response metaanalyses were not conducted. High vs. low meta-analysis, shown in Fig. 5 , suggested an elevated risk but the CIs around the summary estimates for both cohort and casecontrol studies included one. Although the current available data is very limited, it should be noted that the two studies that were not marked for having some quality issue, represented in the figure with a solid square, suggested an elevated risk.
Discussion
This meta-analysis suggested an increased endometrial cancer risk associated with total fat, saturated fat, and animal fat intakes. However, these findings were based on a limited numbers of case-control studies and were not observed in the one or two cohort studies evaluating these associations. Case-control data suggested a 24% increased risk per 10% kcal from total fat, and a 29% increased risk per 10 g/1,000 kcal of intake for saturated fat. Similarly, results from case-control studies suggested a strong association for animal fat, whereas two cohort studies suggested an inverse association. Our meta-analysis of six case-control studies reporting on cholesterol also suggested a positive association, but the CI included the null value.
In general, it is assumed in nutritional epidemiology that cohort studies provide better estimates of the association of dietary factors with risk of cancer and other chronic diseases. This is mainly because temporality of the association and potential differential recall bias are not in dispute. On the other hand, in the case of endometrial cancer, there is an important caveat that must be considered when weighing results from cohort vs. case-control studies. Specifically, women who have had a hysterectomy are at virtually no risk of developing endometrial cancer. Properly, two of the three cohort studies [26, 36] evaluating dietary lipids and endometrial cancer excluded women with a hysterectomy at baseline. Notably, the third [27] did not, an additional reason for exclusion of that study from consideration in meta-analysis. However, none of the three studies [26, 27, 36] updated hysterectomy status of their population during follow-up; ideally, women would be censored at the time of hysterectomy. If indications for hysterectomy are associated with fat intake, and fat intake is also associated with endometrial cancer risk (as suggested by the case-control studies), then failure to account for updated hysterectomy status would bias results toward the null, or may even result in an inverse association. For breast cancer, a cancer site with a risk factor profile similar to that for endometrial cancer, it has also been noted that generally case-control studies have observed elevated risks with increasing dietary fat intake [42] , whereas results from cohort studies have been null [43] . However, a meta-analysis published in 2003 [44] and including 31 case-control studies and 14 cohort studies found similar weak positive associations for dietary fat intake and breast cancer for case-control (summary estimate: 1.14; 95% CI: 0.99-1.32) and cohort studies (summary estimate: 1.11; 95% CI: 0.99-1.25).
Due to the limited number of studies evaluating these associations, we estimated CIs when they were not reported so that we could include as many studies in the analyses as possible. In addition to the assumptions related to distribution of cases and controls, these calculations also assume that confounding factors have minimal impact on the variance. That is, the variance estimate derived from the distribution of cases and controls is based on ''crude'' distributions, and do not take intake account the influence of confounding variables. In the case of dietary fat intake (measured as g/day or kcal/day) as the exposure of interest and total energy intake (kcal/day) as a confounding variable, this may not be a reasonable assumption (e.g., see Willett et al. [45] for descriptions of differences in confidence limits according to energy adjustment method). For nutrient density measures, however, this is probably a reasonable assumption.
To our knowledge this is the first systematic literature review and meta-analysis of the role of fat intake on endometrial cancer risk. In the 1997 WCRF/AICR Report [6] , based on a narrative (and not comprehensive) review of this association, saturated and animal fat intakes were deemed to ''possibly'' increase risk, while there was ''insufficient'' evidence for total fat and cholesterol. These conclusions were based on four case-control studies [23, 28, 29, 35] , all included in our review, plus two hospitalbased case-control studies [16, 46] Fig. 2 Random-effects meta-analysis of saturated fat intake and endometrial cancer risk fats''. We excluded these two papers as our review was based on dietary lipids as nutrients. Furthermore, ORs in these latter two papers did not adjust for total energy intake. The association of total fat intake and cancer risk is controversial and the role of different types of fat is not well understood [47] [48] [49] . Although the association with endometrial cancer has received relatively little attention, several lines of evidence support a possible association. A meta-analysis of dietary intervention studies to lower fat intake found effects on decreased serum estradiol levels [5] . Although this may not be due specifically to the fat content of the diet, these studies suggest that dietary patterns low in fat may favorably influence long-term exposure to high levels of endogenous estrogens. These results are congruent with earlier observations of lower plasma estradiol levels and increased fecal excretion of estrogens in vegetarians than non-vegetarians [50] . Diets high in fat may enhance reabsorption of estrogens in the gut [51] . Although controversial, several lines of evidence suggest that increased dietary fat is also associated with increased risk of obesity [3, 4] . Higher dietary fat intake tends to be associated with lower dietary fiber and fruit and vegetable intake, with resultant lower exposure to nutritive antioxidants and a large variety of other potentially anticarcinogenic phytochemicals [52, 53] .
There is also growing evidence that the metabolic consequences are different for different fatty acids [3] . Saturated fat intake tends to be highly correlated with total and animal fat intake and the potential mechanisms by which total fat intake may influence endometrial carcinogenesis generally apply to the effects of saturated and animal fat intake as well. Epidemiologic and intervention studies have shown that saturated fat intake has a negative impact in insulin resistance, while monounsaturated and polyunsaturated fat improves it [54] . Insulin resistance is believed to play a major role in the development of endometrial cancer [55] . There is growing interest in the effects of dietary fats on immune function and inflammatory responses [56] . Saturated and animal fat intake also travel with animal foods in the diet, particularly with red meat, which has been suggested to increase endometrial cancer risk (Bandera et al. Consumption of animal foods and endometrial cancer risk: a systematic literature review and meta-analysis, submitted).
In summary, the current epidemiologic evidence suggests a possible role for total fat, saturated fat, and animal fat on endometrial cancer risk. However, because the limited available cohort data did not confirm these findings, conclusions cannot be drawn until more data are published, particularly from cohort studies. 
